
S C I ENCE. 

.. 

FRIDAY, SEPTE3IBER 4, 1885. 

T n c  history and description of this obser- 
vatory, and the astror~omical already acb- 
complislled on Mount Hanlilton, which we h a r e  
given 011 a later page, lead very naturally to  a 
statement of tlie chief adrantages nrhich, in 
so  far as  the observatory arid its position aiid 
eqtiipmcnt are  concerned, may reasonably be 
eslxctecl to  accrue from this new departure in 
astronomical science. 

Tile fact of mere elevation (less than a mile) 
above the sea-level will not,  a s  is often SLIP-

posed, greatly increase the apparent light of 
celestial ok)jects, as  the stars will appear t o  be  
only a slnall fraction of a magnitntle brighter on 
tlic rnouiitain than attile sea-lerel. But  -what 
i s  incompnrably more important -the gain in  
steatliness of the atmosphere a t  this elerated 
station has already been proren t o  be  much 
greater than any one expected a t  tlie outset,  
and r i l l  enable the astronomer not only to 
malie goocl use of a multitude of clear nights 
whic11, a t  less elerated stations, are found tcr 
be  ot' little value, but  also t o  elevate the grade 
of a11 his r o i b  t o  the last degree of precision. 
T h e  perfection of this site for obserrat io~is  
with the mericlit~u circle -in fact,  for all ini- 
cromctric ohserration of whatever sort -will 
force the invention of better methods of elimi- 
nating personal and instrumental errors tll:tn 
we now possess. S o  far as  the conditions of 
vision affect the stars' diurnal motion, the 
errors introclnced in stellar co-ordinates will be 
s o  small that  two or tllree observations of 
a s tar  will suffice for the  most accurate deter- 
rn i~~nt ion  A n  enormous sa r ing  of its position. 
in  the labor of observation and r e d n c t i o ~ ~i s  
thus 1~ossible, if only the other errors can be 
eli~nirlatecl wit11 certainty from so small a 
ntlmber of obscrvations. IFTith regard t o  the 
influence of eleratlon LIDO^ the conditions of 
day-vision, i t  should be noted here that  tlie 
testimony of Mr. Burnham in 1 8 i 9 ,  of l'rofcs- 
sor Holden in 1881, and of Professor 'rocid in 
1882, is uniformly t o  tlie effect that  the atmos- 
phere abore Mount IIamilton is quite as  nn-
steacly doring tlie claytime a s  a t  other stations. 
This  remark, however, must be understood as  
allplying only to  the period of tlie year from the 

middle of August t o  the middle of December, 
3s 110 accnrate observations upon this matter  
liave been n ~ a d e  in other months. I t  is  very 
possiblo that the conditions of the atmosphere 
in  late spring and early summer may give a n  
entirely diforent experience a t  these seasons. 

Tlic ' 1 ~ 2 ~alien above a mile of the  lower at-  
:nosl)lierc l~ccoines significant i n  another way, 
hocrerer, as  i t  malies effectively available n 
lnncli Inrgel region of sky than can be com-
manded a t  other stations in a like latitude, 
t~ l le re  obserrations a t  zenith distances much 
greater than screnty degrees are  ilsually not  
worth the making. Mr.  Rurnham directs at- 
terltion to this fact, a s  aEecting observations 
i n  tli:~t portion of the southern celestial hem- 
isphere which i s  ordinarily inaccessible for 
observations of precision a t  our northern 
observatories. A t  the latitude of Mount  
IXa~nilton, the fifty-thircl parallel of south 
dec~lii1:ilionis about co-incident with the sonth 
llorizon ; and,  out of fortg-two new double-
stars  disco\ erecl by 3Ir.  Burnham during liis 
residence upon the mountain in 1879, twenty 
are t)etwec>n the thirtieth and fortieth parallels 
o r  south aleelination ( that  is,  between limits 
O F  m:isininm altitude equal to  twenty-three 
arid thiitclen degrees) ; arid five of the  11em 
stars  are  hetween the fortieth and fortj  -fourth 
parallels, or between lirnits of masimrlm al- 
titude eqrial to  thirteen and nine degrees only. 
'I'llis iinl)oitar~t advantage will not be confined 
to tlie sontliern horizon only, hub will duly in- 
Bnencae all fieltls of astronomical inquiry where 
i rnpo~tan t  observations h a r e  occasionally t o  be 
1tilien ne:tr other parts  of the horizon. 

Tllc 1)rev:tlence of violent winds on the 
s l~mmit ,  and p:irtienlarly their effect npon 
tire steadiness of tlie atmosphere, h a r e  not j e t  
been "Llioroughly in~~es t iga ted .  A s  a general 
rule, astronomers a t  ordinary elevations e x l ~ c t  
to filid s e w r e  winds accompanied by atmos- 
pileric conclitions whicli d o  not admit of satis- 
factory inicroii~etric work, Mr. Burnham 
found that motlerately strong winds did not 
scerrl t o  atTect the optical steadiness of the 
at mospl~ere. A remttrltahle experience of my 
o~vi ion the monntxin may be mentioned here. 
On the night of the 2cI of December, 1882, 
t ~ l ~ e n  steadily with such tlie wind was b l ~ \ ~ i n g  
violence as  to m:ke it  extremely hazardous 
t o  open tile dome in the face of i t ,  1 found 
-1~lpi ter  aiid Satnrn r e l y  unsteady and much 
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blurred ; but turning t o  Sirius, I found the 
companion a n  extremely cons1)icuous object, 
- in fact, the note in my observing-book is t o  
the  effect that  the companion mas " a s  readily 
seen a s  a satellite of Jnpiter." S o  far as  I 
a m  aware, this is  a unique experience of the 
effect of severe wincl upon the optical quality 
of the at~nosphere.  

The  location of the observatory in a region 
which is entirely cloaclless clnring the greater 
part of tlie year, constitutes a n  advantage 
which only those can fillly appreciate whose 
worli has suffered serious interruption from the 
lack of a continuously clear sky. Shoold 
those permanently in ellarge of the obser-
vatory find it  desirable t o  continue observa-
tions throughout the period of fire months 
known a s  tlie ' rainy season,' i t  would doobt- 
less be founcl that the superior elevation mould 
afforcl a clear sliy throughout one-third to  one- 
half of this period, and simultaneously with 
clouds ancl storms a t  stations lower down. 
During my own resiclence on the mountain in 
the latter part of 1882, and shortly after the 
beginning of the rainy season, this mas fre-
q ~ ~ e n t l ythe case ;  and on two separate occa-
sions we mere favored m~itli a n  nninterruptedly 
clear sky for more tllarl seventy consecutive 
hu~l r s ,  k i n g  situate on a n  island in a sea of 
cloud ~vliicll obscured every thing beneath the 
immeiiiate summit. A series of excellent 
photograpl-1s of this cloud-sea was obtained, 
one of which is well reprocluced in the illus- 
tration on p. 191. Ocean fogs rarely reach 
the elevation of the observatory. nIr. Burn- 
liarn observed these fogs clrifting i n  from the 
P'acific nearly every night a t  about the time of 
sunset. Their usual altitude mas about two 
t2~ousancl fcet, and they did not appear t o  
affect the seeing. 

The  instrumental equipment of the obser- 
vatory, although incomplete, is already a n  uli- 
nsual one, and, in its final state, will surpass 
that  of all other observatories. The  instru- 
ments have been designed, constructecl, and  
monllted in the most thorongh manner;  aud 
particular care has been taken that  all the  

the instruments, so  that  all the  time available 
for observatory work may be fully utilized. 

T h e  means of publication -a most im-
portant consicleratio~l in  the management of 
a great  observatory- has not  escaped due 
notice. The  legislature of California has al- 
ready shown i ts  entire appreciation of the 
observatory and i ts  morli-, by the passage, a t  
i ts  last session, of a joint resolntion providing 
for the issue of such reports, o b s e r ~ntions, 
ancl researches, a s  may,  with the approval of 
the governor of the state, be submitted by the  
Lick trustees, or the regents of the university, 
for public a t' ]on. 

Fillally, and most important of all, there is 
an assured endowment of generous propor-
tions, tlie income from wliicli is wholly avai1:tble 
for tlie maintenance of tlie establislnnent. and  
the prosecution of its work. Tlie considerate 
management of the trustees will ellable them 
to complete the  observatory a t  a cost not much 
exceeding three-fifths of the entire allotment 
of Mr. Lick's bequest for this l)urpose, ancl 
the remainder will constitute the permanent 
endonrment-fund of tlie institution. 

Fortune and necessity, however, d o  not fail 
to accompany this unique co~nbination of op- 
portunities with more or  less of disadvantage. 
The  unavoidable obstacles of the ul~dertaliing 
have been great,  but they have also been sur-
mounted. B u t  the necessary expense of main- 
taining so large an establisli~nent a t  so elevated 
a station, the cost of l i ~ i n g ,  the social isola- 
tion of the astronomers, amounting to practical 
exile for months a t  a time when series of 
observations requiring uninterrupted attelltion 
are  in hand, - these, and other obvious con-
siderations, must be carefully consiclered by 
any one wlio attempts a fair estimate of the 
work which the Lick observatory is clestii~ecl 
t o  accomplish. While it  appears that  the in- 
stitution will be in a strong position t o  coiltluct 
ancl maintain a good degree of astronomical 
research with its own resources, there will be 
abur~clant field ror prudent iinaiiciering in the 
management of its practical affairs. IIow-
ever, when the trnstees are ready to resign the 

n~ovztble portions of the  buildings c o ~ e r i ~ l g  control of tlie observatory, the character of i ts  
these instruments (always a source of nnentl- 
ing trouble and vexatious delay to thc astron- 
omer) shall be so  arranged ancl constructecl a s  
to  cause a minimum of a n n o a n c e  and inter- 
ruption. 

The great  advantages arising from the  
observers' ability t o  reside near their instru- 
ments rilust uot be overlooked here. A suit,-
able dn-elling-house for the observers has  
been provided i n  the immediate proximity of  

iastvumental and other equipment will be such 
that  all increase of its permanent income, 
clerirahle from ontsitle sources, m ~ l l  be ~vholly 
available for the pursuit of new and interest- 
ing lines of research. The  nature of inves- 
tigations of this sor t  enables the astronomer 
t o  lnalie snccessful appeal for the funds neces- 
sary to  carry them ou ; and the trastees have 
wisely refrained from equipping the observatory 
mitli any instruments and apparatus wliich will 
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n o t  be of i~ l~ lne r l i n t e  conscr- have a certain deflec- llecessitv in the  needle of the galvonometer~~i l l  
tion dependent on the strength of the battery-cur-r n t i r e  l ines  o f  nstronomic:tl inquiry. 
rent emplr~yed. When the li811t to be ~neawred is P. 'rollr). placed in front of the slit of the spectroscope (~vllich 

LETYXIZS TO TIZE EDITOI:. 
*** ~orrrapo, ,de71ts  lo as bricfnsposaibli.. The 
wtdte) l~sRa,jle Ca,se8 ,~eg l l i ye ,~iT1a l ~  U s p y o o f  of good faith. 

A metlrod for determining the unit o f  light. 

IN all pllotometric wor l~  hitherto 
orie of the mairk difliculties has heen to obtairl 
satisfactory standard of light, -olle ,Tllicll ,Till be
alTj-ays aIltl q7bich can he dn1,li-
cated. Heretofore, all experiments in this direction 
have been failures. The plan here suggestec\ con- 
templates, not the employment of a unit quantity of 
light, but the employment of a certain effect pro-
duced by that unit quantity as a stantlard. I n  other 
nords, i t  malies not the l~gh t ,  but the photometer, 
the constant. 

Tliis plnotometer must, then, he some dexice for 
~neasciring rail~ant energy. But, for photometric pur- 
poses, T T ~wish only to mea+ure that portion of the 
energy which 11~s a ~~ave - l eng th  to~eadi ly  visible 
the human eye. JVitli tlle great differences in color 
of our modern sources of illumination, it is absolutely 
impossible to state an  exact equivalence betneen the 
vellow light of a candle-flame. and the blur l ia l~t  of 
kn electGc arc. For really accurate ~ ~ o r l r ,  canT; 

compare only liglit rays of the same nave-length. 
As the human eye is most sensitive to light from 
that portion of tlie spectrum betneen tlie D and E 
lines, in the folloning plan I have selected that re- 
gion of the spectrum to be used exclusively for the 
comparison of the brilliancy of the various lights. 
I n  a11 probability, the total brilliancy of an  incaildes- 
cent body does not increase in a ratio exactly pro- 
portional to tlne increase in brilliancy of the yellow 
rays; but this difference, within practicable limits, is 
probably so small as to be entirely negligable. And 
we have tlie advantage of being able to state an ac-
curate arithmetical ratio betneen the lights, instead 
of n h a t  must be a t  best a mere general co~nparison of 
the relative effect of the t x  o lights upon our eyes. 

Briefly stated, then, the method I nould suggest 
consists in rnoving the light to be measured tonards 
the slit of a spectroscope, utitil a cel tain effect is pro- 
duced upon a screen so placed as to receive tlle 
yellom rays. When this effect is produced, the spec- 
troscope is receiving the standard amount of light 
from the source; and the brilliancy of the source can 
then be deternnined by measuring its distance from 
the slit. 

I n  attempting to apply this method, the difficulty 
ahicll at  first arises is, to obtain an effect wh~cll  can 
be measuted wit11 accuracy. By perm~tting the spec- 
trum of a light to fall upon suitable screens, three 
classes of effects may be obta~ned; namely, heat-
ing, visual, and chemical. Of these, tlie second is 
evidently unsuited for the purpose of obtaining a 
standard. The third is too uncertain, and not sns- 
ceptl!?le of sufiicient acciuacy, so that the first alone 
remalns. Of the t n o  practicable heat methods of 
mea-uring radiant energy, the thermopile is the more 
sensitive; hut tlle bolometer responds tlne quicker to 
changes of temperature, and has the narroner sun-
face. The latter instrument has, therefore, been 
selected for this application of the method. Tlle 
unexpo~ed arm of the boloineter has a sliqht addi- 
tional adjustable resistance thronn into i& circuit, 
so that, when the instrument is not in use, tile 

should be quite broad), the deflection ~ ~ i l l  be dimin- 
islierl. As tlne light approacl~es the slit, the deflec- 
tion will decrease, and finally beconie zero, at  \vl~icll 
time it is g iv i r l~  out the standard light. Its bl.il- 
liancy can now be reail off frorn its position upon a 
scale placed in front of the slit and parallel to tlie 
collimator. 

This photorneter might also be used to adjust the 
position at ~ ~ h i c h  an incandescent electric or other 
I an~pshould be placed in order to furnish a con<tant 
flipply of light. 'rliis source could then he used as a 

ordillary photometer. 
1JTar.11. P r c ~ r ~ ~ r N a .  

A n  American Silurian scorpion. 

The 'American scorpion ' from the vater Iilne 
group of Ne~v-Yovk State, described by Pr~.fcsco~. 
J$'hitfield on pp. S7, SS,is undoubtedly a yoi~rlg speci- 
men of Eusrtrcns scorpionis (Grote a ~ l d  Pit t :  Bulb 
letin of the Buffalo society of natural sciences, rol. 
iii., pp. 1, 2), so named by an  error, and ~ ~ h i c l n  xi11 
be redescribed as Eurypterus scorpionis in the forth- 
coming vol. v. of the society's bulletin. 

The enclosed is a slietch of tlle youngest specimen 
in my possession, drawn full size: the largest I have, 

indicates an n~lirnal at least three feet long. There 
cannot be any doubt as to its zoiilogical position; for 
the characteristics of the g e m s  Eurypterus -ryes 
place(j \Tithin the ~nargin of the carapace, and a t1.i-
allgnlar spine as caudal append:~ge-can be distinct- 
ly identitied. 

All niy specimens have been found in tlle 11-ater- 
lime group at  Buffalo, associated with Eurypterus. 
Pterygotus, and Ccratiocaris. JIJLIGSPor i~~a rax .  

B~!ffalo,N.Y.,AUK.6. 


